This paper is based on Victoria Charnock's MA dissertation carried out as part of her Masters in Leadership and Management in Healthcare at the University of Salford and supervised by Professor Hardiker. A review of current literature was conducted to provide a robust and dimensional definition of data quality in the field of health care. This was used as the basis on which to assess the effect that electronic health care records has had in practice, specifically on data quality and according to the dimensions of accuracy, completeness and use of data. All of the papers reviewed referred to the importance of accuracy and completeness, identifying the advantages of electronic health records in their use of standardized data entry controls. Drawing on the third dimension in the definition, use of data, the impact that system design may have on data quality and implications for staff training is further discussed and recommendations made.
Introduction
The U.K. health care system has seen a recent shift in methods of recording and documenting patient care and details, from manual systems to new electronic versions. The change is a result of numerous National Drivers such as the Health and Social Care Act (2007) , alongside advances in technology, which present opportunities to revolutionise patient care through improved access to and quality of health care records. A patient record is created after each episode of care delivered to every individual by a health care professional (Urquhart, Currell, Grant & Hardiker, 2009) . It is imperative that the care is recorded accurately to allow provision of effective, consistent and appropriate health care, specifically tailored to each individual patient. The quality of information held within the records has a direct impact upon the quality of care administered (Urquhart et al., 2009 ). The traditional methods of manual data entry and paper based health records are fraught with data quality issues, which can potentially have a detrimental impact upon the quality of care a health care professional is able to deliver (Adler-Milstein & Jha, 2013) . The main issues experienced with paper based records relate to missing, incomplete, inaccurate and illegible data. This paper examines the potential of the introduction of Electronic Healthcare Records (EHRs) to eliminate such issues with data quality.
Literature review
An initial literature review identified a general lack of research relating to the introduction of EHRs and their subsequent impact upon data quality and provision of care. It also identified issues with the term 'data quality' itself in the context of health care alongside an absence of a standardised definition (Thiru, Hassey & Sullivan, 2003) . However, some common themes for attributes of data quality did emerge from the available research; specifically, accuracy, completeness, consistency, credibility and timeliness of data (Chan, Fowles & Weiner, 2010) . These themes mirror those identified in literature relating to data quality in a broader context, away from a health care setting per se. This broader context of data quality did identify considerably more attributes for data quality (Sebastian-Coleman, 2012) but did however agree with the terms mentioned previously as identified in health care research. In the absence of a single standardised definition for data quality, for the purpose of this paper, data quality shall be defined as:
Data which is complete, absent of any errors and inaccuracies, and while it may be desirable to reuse data for multiple purposes, in any given context it should be useable, useful and fit for purpose.
This working definition for data quality was informed by the initial background literature review and was used to evaluate the impact the introduction of EHRs has had on data quality. The research question 'To what extent does the introduction of electronic healthcare records improve the quality of data they hold?' was posed with the specific objectives to establish the extent to which EHRs (a) improve the specific components of data quality, namely completeness and accuracy; (b) make it easier for users to enter high quality data; (c) ensure data are useable and useful for intended purpose; and, (d) improve the quality of data available for the end user.
Research methods
The principles of a systematised review were used to ensure all relevant information was obtained in a thorough and concise manner. A search of the Medline (Ovid) database was conducted on 19th May 2017 using the following terms: -data quality as 'key word', -electronic health record as 'key word', and with the results from the sets created, combined (using AND) and searched together. The quality of all articles returned during the search was assessed using the Critical Appraisal Skills Programme, CASP (2017) framework and then assessed against the inclusion and exclusion criteria as detailed in Table 1 , which determined suitability for inclusion in this paper.
A standardised data extraction table, informed by guidance from the Cochrane Review Process, was used to ensure all relevant information was extracted fully from the included articles.
Results
The initial database search returned 143 articles, four of which were immediately discarded as they were duplicates; a further 128 were then discarded for failing to comply with the inclusion criteria. The main reasons for excluding articles were due to restricted online access and articles being off topic. The included articles were separated into two sections: those which addressed defining data quality and those which looked at EHRs and data quality. Reimer, Milinovich and Madigan (2016) and Sukumar, Natarajan and Ferrell (2015) supported the initial literature review by reporting there to be a lack of evidence to support a standardised definition of data quality within the health care sector, and that as such assessing the quality of EHRs data is problematic. All the articles reviewed agreed that accuracy of data was the most important factor when assessing data quality, closely followed by data completeness. Other components of data quality were identified by some, but not all articles, these included data reliability and integrity (Greiver et al., 2011; Reimer et al., 2016; Sukumar et al., 2015) . Data entry rules within EHRs design can help to improve accuracy and completeness of data according to Johnson et al. (2016) and Greiver et al. (2011) . This notion was further expanded by Greiver et al. (2011) and Sukumar et al. (2015) who noted free text fields within EHR present higher incidences of data inaccuracy and data completeness and, as such, there is a need for standardised data entry and data entry rules. Lanzola et al. (2014) presented strong evidence to highlight the importance of staff training and education when introducing new electronic systems to reduce the impact upon quality of data. This concept was further addressed by Sukumar et al. (2015) who noted that involving the end users in the design phase significantly reduced the incidence of incomplete and inaccurate data.
Data quality definition

EHRs and data quality
Hundred percent of the papers reviewed agreed that data accuracy and data completeness were key factors in determining the quality of data contained within EHRs and are both important factors to consider when designing EHRs. Chan et al. (2010) and Puttkammer et al. (2016) noted an additional dimension of data timeliness as important when assessing data quality since data entered outside of a specific time frame could impact upon treatment or results. The clinical relevance of data to be entered into EHRs has a significant impact upon the quality of data with 50% of the studies reporting a decrease in both data accuracy and data completeness with less clinically relevant data. Price, Singer and Kim (2013) also noted that the perceived effort required by staff to input data of low clinical relevance has a significant impact on the quality of data, a notion which was also supported by Chan et al. (2010) who noted specifically data quality within medication and problem lists to be consistently poor. The design of EHRs can have a massive impact upon data quality with free text entry fields being most problematic (Chan et al., 2010; Price et al., 2013; Wang, Yu & Hailey, 2015) . The introduction of data entry rules and standardised terms was a method identified by all papers to improve the quality of data.
Implications for practice
The evidence presented within this paper confirms that data quality is a multi-dimensional component, and several dimensions of data need to be combined to produce high quality data. The two most important dimensions of data within a health care context appeared to be accuracy and completeness, with all papers citing this factor, as inaccurate or incomplete data could pose a serious risk to patient's health and/or treatment. The advantage of EHRs is that they can impose data entry controls and standardisation, which alongside sufficient staff training can significantly reduce these data quality issues compared to manual systems. Taking this into account, it can therefore be agreed that for any definition of data quality to be credible is must encompass data accuracy and completeness, a concept which supports the working definition identified at the start of this paper. This working definition also identified data being used for the purpose it was intended as a determinant of quality. The articles reviewed for this paper didn't note data being used for a specific purpose as having a significant impact upon quality. However, this paper still deems it to be an important indicator of data quality, as using data for a purpose other than what is was originally intended increases the possibility of data being in the incorrect format thus reducing quality. It was widely reported that data entered in an incorrect format compromises data quality; this echoes findings from the initial literature review. Given this, it can be confirmed it is an area which requires further research to provide more evidence to support its inclusion in the definition, but until proven otherwise it shall be included.
The articles indicated that data of higher clinical relevance contained fewer data quality issues than that of lower clinical relevance. It can therefore be argued in this instance that data quality issues are not a result of the type of record but the attitude of the person inputting the data. With staff attitude appearing to be a major influencing factor on data quality, EHRs are capable of imposing data entry controls that ensure data are complete and in the correct format. However, from a change management perspective it could be argued that the negative staff attitude and resulting poor data quality could be a result of resistance to the change in practice with the introduction of these new systems. Again, more research would be required to prove this theory outright but steps that could be taken to reduce resistance to change include involving staff in the decision making process and adequate and effective training.
Conclusions
The assessment of data quality within EHRs is a complex task, complicated further by the lack of standardised definition of data quality within the context of health care and which is justified, acceptable and appropriate. The evidence presented within this paper supports the working definition devised and used to identify that, within a health care setting, data accuracy, closely followed by data completeness are the most important dimensions of data quality. However, data timeliness and being used for the purpose it was intended for are also important factors. These dimensions are considered vital in a health care setting as they have the biggest potential impact upon patient care. It can therefore be concluded, with a high degree of certainty that a definition for data quality within the context of health care can be defined as:
Data which is accurate, complete, used solely for the purpose it was originally collected for and is available when the user expects it to be available.
This definition can now be used for further research and as a starting point for gaining more evidence to support or refute the dimensions of data quality. The evidence reviewed within this paper would appear to indicate that the introduction of EHRs, at present, offers no significant improvements in terms of the quality of data they contain. However, it does provide some very useful indicators of simple methods that could be implemented to improve data quality within EHRs in the future. In conclusion, the potential to improve data quality within EHRs can be achieved through improving the design and data input control and increasing staff education and training. Using strict data entry controls on all fields will significantly reduce the occurrence of issues with data accuracy and completeness to a minimal level. As such, design principles and techniques that address data quality, as defined within the context of health care, such as the use of drop down boxes with standardised responses and a reduction in the number of free text fields should be encouraged with a view to ensure that staff are all entering quality data.
